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As land development progresses from urban corridors to suburban landscapes, watershed
managers need an improved understanding of the impacts to Kentucky’s water resources.
Although there have been substantial expenditures on water chemistry data to study the
effects on select water quality parameters, we have comparatively little geomorphic and
biological data particularly as to how they relate to drainage areas. This empirical gap
results in a limited understanding of how biological communities and their corresponding
habitats are impacted by land-use dynamics. Consequently, stormwater management and
land-use planning policies often do not account for these critical water-resource
components. This presentation focuses on a coupling of geospatial, geomorphic, and
biological datasets to explore the linkages of land-use characteristics on channel stability
and biologic integrity in streams in an urbanized context.
A geospatial-based watershed descriptive metric approach was employed to derive an
array of 45 hydrogeomorphic (e.g. drainage density, average watershed surface slope,
etc.) and anthropogenic (e.g. road crossings per stream mile, impervious cover, etc.)
metrics across watershed and riparian corridor scales that constitute the upstream
drainage areas of 23 stream sites in northern Kentucky. The stream sites were selected as
a representative subset of 46 field reconnaissance sites for a multi-year field data
collection program. This field data collection effort included annually repeated level-tape
surveys of the longitudinal profile and a representative riffle cross section, along with a
100-particle pebble count. Standard fluvial geomorphic variables were measured (e.g.
bankfull top width, bank height and angle, etc.) and annual rates of geomorphic change
were quantified across 21 metrics (e.g. longitudinal headcutting, change in channel depth,
etc.). Benthic macroinvertebrates were also sampled at 21 of the 23 sites as a part of a
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broader biological sampling program conducted by Sanitation District No. 1 for 68
regional locations.
Standard indices such as Kentucky’s Macroinvertebrate
Bioassessment Index (MBI) along with a multivariate examination of community
structure were used to determine biological integrity.
Several statistical analyses indicated multiple relationships between upstream watershed
characteristics and field site collected data. Based on preliminary results, geospatially
derived metrics indicative of watershed urbanization such as greater amounts of
impervious cover, changing land cover over time, and reduced tree canopy cover showed
correlations with quantitative measures of channel instability (i.e. increasing cross
sectional enlargement). One of the most intriguing relationships observed was a negative
rate of change in riffle length with watershed imperviousness—that is, riffles in urban
streams were becoming shorter.
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Figure 1 – (a) Channel enlargement and (b) MBI vs. imperviousness
Benthic metrics and indices corresponded to channel stability except in urban streams
incised down to bedrock (grade control). Those five sites were geomorphically stable but
had poor biological communities, likely due to the lack of habitat. Urban sites that
lacked the stabilizing capacity of bedrock were geomorphically unstable, had differences
in macroinvertebrate community structure, and showed poor biological values across
several macroinvertebrate metrics, as well as MBI scores. The analyses indicate that
imperviousness cover of upstream watershed drives many downstream biological metrics.
These findings demonstrate that 1) geospatial data can be used to link watershed
characteristics to reach-scale morphologic and biologic field data, and 2) urbanization
negatively correlates with indices of channel stability and biologic quality. It is our hope
that these relationships will be expanded to other regions of Kentucky in order to improve
stakeholder understanding of how land-use affects their water resources, and offer an
additional framework for managers to consider these aspects of water quality in
stormwater policies and practices.
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KENTUCKY LiDAR MEETS NAIP MULTISPECTRAL IMAGERY:
TOWARD DATA FUSION IN THE ASSESSMENT OF WATERSHED CHANGE

Demetrio P. Zourarakis, Ph.D.
Remote Sensing/GIS Analyst - Kentucky Division of Geographic Information
Commonwealth Office of Technology
100 Fair Oaks Ln.
Frankfort, KY 40601
502-564-6246
demetrio.zourarakis@ky.gov
Changes in land cover and topography can be highly dynamic and contemporaneous;
measures of these rates of change can be used towards the development of environmental
indicators of a watershed. Often, temporal land cover change detection is performed
through analysis and classification of multispectral, multi-epoch images collected by
passive sensors onboard satellites. Digital mapping cameras such as those used in cyclic
collections of airborne orthophotography are now able to capture 4-band imagery
routinely (Ryan and Pagnutti, 2009). Data acquisition by active remote sensing methods,
e.g. LiDAR, has become commonplace for mapping elevation, making it also possible to
explore its use in creating land cover classifications (Antonarakis et al., 2008).
As part of Kentucky’s contribution to the Risk MAP Initiative (FEMA, 2009; FEMA
2010a), LiDAR was acquired on April 2010, for Magoffin County. LiDAR points were
collected at approximately 1.0 m ground sampling distance with no snow on the ground,
rivers at or below normal levels, and under cloud-free conditions; points were assigned
classes of: “bare earth”, “water” and “unclassified” (FEMA, 2010b). In the summer of
2010, 1-m, statewide, digital, multispectral 4-band (“red”, “green”, “blue” and “near
infrared”) orthoimagery was acquired as part of the National Agricultural Imagery
Program (NAIP) (Kentucky Geography Network, 2010). The potential for synergy
between these datasets was explored for the 2,270 Ha. Licking River watershed in
Magoffin County, KY (14-digit HUC: 05100101010250); a watershed which experienced
changes in topography and land cover over the 2006-2010 quadrennium.
Pre-existing 4-band, 0.61 m resolution 2006 NAIP images were tonally balanced,
mosaiced, co-registered to the 2010 dataset and re-sampled to 1-meter spatial resolution
using ERDAS IMAGINE® 2011 v.11.0.1. The Normalized Difference Vegetation Index
(NDVI) (bands 4 vs. 1) and the first of four principal components (PC1) were used both
to classify each image and to detect changes in the 2006-2010 image pair (Lawrence and
Ripple, 1998; Lillesand et al., 2008; Shank 2009). QCoherent™ LP360™ v.2.0.0.7 was
used as an extension to Esri® ArcGIS® Desktop v.10.0 to sample the LiDAR point cloud
and generate surfaces. Samples of low, medium and high vegetation, structures (i.e.
buildings, roads), exposed geology and water were extracted from the LAS tiles to create
two metrics: a) first return-“bare earth” elevation difference (FRED); and b) first return
intensity (FRI) which were then correlated with the 2010 spectral indicators. The
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classified images show promising, consistent trends for individual indicators, which in
addition lacked significant correlation (data not shown) among themselves (Table 1).

Feature Sampled
Low Vegetation
Medium Vegetation
High Vegetation
Rooftop
Water
Road
Exposed Geology

Indicator Mean Value
FRED
(m) FRI NDVI
PC1
-0.02 49.4
0.303 298
8.12 15.7
0.296 292
7.03 22.6
0.353 242
4.34 25.5
-0.068 435
0.26 13.4
-0.346 171
0.05 29.3
-0.015 406
0.12 25.1
-0.087 388

Table 1. LiDAR and
spectral indicators for
selected geographic
features in the Licking
River watershed
(Magoffin County,
Kentucky). See text
for explanation.
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SEASONAL VARIATION IN WATER QUALITY AND DISSOLVED
METHANE OF BARREN RIVER LAKE
John H. Loughrin and Carl H. Bolster
Animal Waste Management Research Unit
United States Department of Agriculture
Agricultural Research Service
230 Bennett Lane, Bowling Green, KY 42104
270-781-2579
john.loughrin@ars.usda.gov
Using a method for water collection that we recently developed, we monitored
water quality and dissolved methane in Barren River Lake for eleven months in 2009.
During the spring and winter months, nitrate concentrations were essentially equal
throughout the water column at eight to six mg L-1. During summer stratification, on the
other hand, nitrate concentrations fell and ammonium concentrations increased with
depth.
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In the absence of thermal stratification, manganese concentrations throughout the
water column were low. In the summer, however, manganese concentrations were high
at the lake bottom, indicating dissolution from sediments. Other metals such as iron,
copper and lead were not elevated during stratification.
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Elevated manganese concentrations were not likely due to depressed pH that
occurred during stratification. In the absence of stratification, pH was essentially equal
throughout the water column. While there were pronounced differences in pH due to
depth during stratification, however, this was due more to increases in pH at shallower
depths rather than decreases in pH near the lake bottom.
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Methane concentrations at the lake bottom were elevated during summer
stratification, indicating anaerobic decomposition of detritus in the lake. As a result,
significant fluxes of methane are likely to occur from the lake during the summer months.
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In conclusion, marked seasonal differences in water quality occur in Barren River
Lake due to a relatively narrow fetch length which prevents mixing of the lake’s waters.
These differences have importance in terms of the environment, recreational use and
drinking water.
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WATER QUALITY INVESTIGATION
IN THE EASTERN KENTUCKY COALFIELDS

Lisa E. Underwood
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Louisville KY 40201
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lisa.e.underwood@usace.army.mil
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A water quality monitoring study was conducted from 2007-2009 to document the
existing water quality condition of headwater and wadeable streams downstream of
active coal mining operations in the Carr Creek watershed in eastern Kentucky.
Sampling was conducted over a thirteen month period at fourteen sites for
physicochemical water quality parameters and biological communities. Parameters
elevated above Kentucky numeric water quality standards include selenium, iron and
mercury, and specific conductance indicated an exceedance of narrative criteria. Bacteria
data (E. coli) also exceeded surface water standards at many sites. Data were obtained on
surface flows across the seasons. All sampling sites were located below or in an adjacent
watershed to an active surface and/or underground coal mining operation. Water quality
samples collected from various sites within Carr Creek Lake indicate associated impacts
on reservoir water quality.
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